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ABSTRACT
Dramatic oceanic changes during the transition from glacial to interglacial conditions
had significant effects on pelagic and benthic environments in the Norwegian-Greenland Sea.
Fossil marine biota in deep-sea sediments provide the means to reconstruct past oceano-
graphic conditions and climatic fluctuations. Here we present the results of an investigation
with high temporal resolution (±200 yr) of four sites distributed along a north-south transect
across this high-latitude basin with the aim to decipher timing and regional relocation of wa-
ter-mass boundaries.
Results show that termination I in the Norwegian-Greenland Sea is characterized by a
prominent maximum of benthic foraminiferal abundance, which progressively moved north-
ward from the eastern North Atlantic Ocean to Fram Strait at a mean velocity of 0.77
km • yr–1. Benthic foraminiferal accumulation rates during this abundance peak increase
from south to north from 184 to 5863 specimens • cm–2 • k.y.–1. We interpret this abundance
maximum to be a result of high organic carbon fluxes under a moving high productivity area,
on the basis of the progression of climatic amelioration and retreat of sea-ice cover during the
gradual deglaciation. The benthic foraminiferal record mirrors this time-transgressive belt
directly.
INTRODUCTION
The abundance of deep-sea benthic fauna is
dependent on vertical or lateral nutrient input of
organic matter (Altenbach and Sarnthein, 1989;
Herguera, 1992; Schnitker, 1994; Graf et al.,
1995). Recent studies have shown that abun-
dances and biomass of benthic foraminifera are
related to vertical and lateral fluxes of organic
matter (Altenbach, 1988; Graf, 1992; Smart et
al., 1994; Loubere, 1996). Only few percent of
organic matter from sea-surface production reach
the sea floor (Gooday and Turley, 1990) as export
production (Sarnthein and Winn, 1990) within
very short periods of time (days to weeks; Asper
et al., 1992; Gooday et al., 1992; Graf et al.,
1995). Experimental studies on benthic forami-
nifera have shown that there are highly increased
metabolic activities and increased biomass after
nutrient pulses (Graf and Linke, 1992; Linke et
al., 1995). Previous work on fossil benthic fora-
minifera in the Norwegian-Greenland Sea in
low-resolution cores revealed outstanding high-
abundance peaks exclusively during glacial ter-
minations (Struck, 1992, 1995). This led to the
assumption of the existence of a remarkable “ex-
port productivity belt” off the ice edge and the ne-
cessity of high-resolution sampling in order to
uncover a more detailed climatic signal of gla-
cial-interglacial transitions (Nees, 1997).
MATERIAL AND METHODS1
High-resolution benthic foraminiferal records
were generated from four sites (M 23414: lat
53°32.2'N, long 20°17.4'W, depth 2196 m; M
23068: lat 67°50.0'N, long 1°30.3'E, depth 2231
m; M 23256: lat 73°10.3'N, long 10°56.6'E,
depth 2061 m; PS 1906: lat 76°50.1'N, long
2°9.1'W, depth 2939 m) along a north-south tran-
sect in the northeastern Atlantic Ocean and the
Norwegian-Greenland Sea (Fig. 1). Samples
were taken at 2–3 cm intervals in 1 cm slices in
the cores, resulting in a temporal resolution of
~200 yr. Samples were processed using standard
techniques (Nees, 1993) and analyzed for their
benthic foraminiferal content in the size fraction
>125 µm. A minimum of 300 tests per sample
was counted.
Specimens per gram dry sediment (specimens
• g–1) were calculated using a linear sedimenta-
tion rate (cm • k.y.–1) and dry bulk density (g
• cm–3) for each sample, and expressed as benthic
foraminiferal accumulation rate (BFAR = speci-
mens • cm–2 • k.y.–1; Herguera, 1992; Struck,
1992) applying the following equation:
specimens • cm–2 • k.y.–1= 
specimens • g–1 • cm • k.y.–1• g • cm–3 (1)
The stratigraphy is based primarily on oxygen-
isotope ratios of planktic foraminifera and was es-
tablished at a resolution of ±200 yr (Sarnthein et
al., 1994; Sarnthein and Altenbach, 1995; Nees,
1997). Ages were obtained by comparison with
the SPECMAP standard (Martinson et al., 1987)
and recalculated from 14C ages to calendar years
B.P. (Bard et al., 1993). Average sedimentation
rates were 6.4 cm/ky in glacial and 2.3 cm/ky in
Holocene sections of the cores. These data were
also used to correlate box-core samples with kas-
ten-core and piston-core sediments. As examples
for the species response, the abundance of Cibici-
doides wuellerstorfi and species belonging to the
Melonis group were determined.
1Data are available via SEPAN (Sediment and Pa-
leoclimate Data Network). E-mail: sepan@awi-bre-
merhaven.de.
*Present address: GEOMAR, Wischhofstra b e 1-3,
D-24148 Kiel, Germany.
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RESULTS
Benthic foraminiferal abundances (total fauna)
during the last glacial range between 250 benthic
foraminiferal accumulation rate in the northern
cores and 130 benthic foraminiferal accumula-
tion rate in the southern cores (Fig. 2). The onset
of termination I is characterized by slightly in-
creased benthic foraminiferal accumulation rate
(range between 100 and 500). After this first step
in all cores, a substantial abundance maximum
appears with benthic foraminiferal accumulation
rate between 184 on the Rockall Plateau and
5863 in the Fram Strait. After this maximum
abundance, benthic foraminiferal accumulation
rate drop to lower values with minor oscillations
values relating to an interglacial level throughout
the entire Holocene period (200–300 in the
southern cores, 700 in the northern cores).
The benthic foraminiferal accumulation rate
peaks appear to be time transgressive and in geo-
graphical order. Maximum benthic foraminiferal
accumulation rate at the Rockall Plateau site was
reached at 12 400 yr B.P. (184 benthic foraminif-
eral accumulation rate), whereas this peak ap-
pears in the Fram Strait at 8 900 yr B.P. (1180
benthic foraminiferal accumulation rate). In be-
tween, cores M 23068 and M 23256 show this
peak at 11 499 yr B.P. and at 10 060 yr B.P. (1089
benthic foraminiferal accumulation rate) respec-
tively. Consequently this peak signal can be
mapped indicating a northward movement for
3500 yr, with a mean of 0.77 km • yr–1 between
the Rockall Plateau and the southern Fram Strait
(Fig. 1). Interpolated velocities calculated be-
tween the three northern core sites correspond
well to each other with 0.48 km • yr–1 between
cores M 23068 and M 23256 and 0.48 km • yr–1
between cores M 23256 and PS 1906. Cibici-
doides wuellerstorfi, species of the Cassidulina
group, Pyrgo rotalaria, Triloculina tricarinata,
and species of the Melonis group are major fau-
nal components with abundances through most
the investigated core sections. In core M 23414,
Cibicidoides wuellerstorfi shows little variation,
between 8 and 87 benthic foraminiferal accumu-
lation rate, throughout the core (Fig. 3). In the
three northern cores, benthic foraminiferal accu-
mulation rate reach low values during the glacial,
apart from some minor peaks in Core M 23068.
Then maxima occur in all cores that parallel the
time-transgressive peaks in the total faunal
records (M 23068: 581; M 23256: 487; PS 1906:
1522 benthic foraminiferal accumulation rate).
Species of the Melonis group (M. barleeanum
and M. pompilioides) show little variation in core
M 23414 with an average abundance of 18 ben-
thic foraminiferal accumulation rate (Fig. 3). In
all other cores this group has periods of abun-
dance maxima which parallel also the time-trans-
gressive peaks in the total faunal records
(M 23068: 14; M 23256: 11; PS 1906: 86 benthic
foraminiferal accumulation rate). Additionally
earlier abundance maxima occur with lower ben-
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Figure 1. Core sites are located on south-north transect through northern North At-
lantic Ocean and the Norwegian-Greenland Sea to southern Fram Strait.Time of ap-
pearance of benthic foraminiferal mass abundance events is given in calendar
years B.P. (Bard et al., 1993). Arrows indicate course of abundance peaks as shown
in Figure 2.Time intervals and calculated velocity of travel are given between each
site. Mean velocity of ~0.478 km • yr–1 is calculated between core sites M 23068, M
23256, and PS 1906. Interpreted as indicative of enhanced sea-surface production,
this time-transgressive signal can be used to locate retreating ice edge, i.e., a sub-
sequent organic matter pulse serving as prime food source.
Figure 2. Benthic foraminiferal accumulation rates (BFAR, respectively specimens • cm–2 • k.y.–1)
displayed vs. calendar years B.P. (Bard et al., 1993) in sediment cores from four sites in Norwe-
gian-Greenland Sea. Maximum abundance peak appears in every core during transition from
glacial to interglacial. This peak appears first on southern site and migrates progressively
northward. Amplitude of each of these peaks is clearly increasing from south to north.
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thic foraminiferal accumulation rates, except in
core M 23256 with 68 benthic foraminiferal ac-
cumulation rate at 18 325 yr B.P.
DISCUSSION
We propose that the input of organic matter
created by increased sea-surface productivity
caused a massive abundance peak of benthic fora-
minifera in the deep sea. As a result of high pro-
ductivity at the edge of the sea-ice cover in the
Norwegian-Greenland Sea, its retreat can be
traced using the abundance of benthic foramini-
fera during the deglaciation. We assume that the
flux of organic matter in the deep sea was in-
creased through benthic-pelagic coupling in deep-
sea sediments during this period. However, our
signal of the deglaciational retreat of the glacial
sea ice in the Norwegian-Greenland Sea has to be
seen as a mean beyond smaller cycles, e.g., cen-
tennial to annual oscillations. A similar time-
transgressive trend was recognized in time-slice
reconstructions using oxygen-isotope ratios of
planktic foraminifera in the Norwegian-Green-
land Sea. They show a time transgression of
lighter ratios from south to north in the eastern
Norwegian-Greenland Sea during termination I
(Weinelt, 1993).
Today highest particle fluxes are recognized in
sediment-trap studies in the Fram Strait at the
sea-ice boundary (Hebbeln and Wefer, 1991).
Phytoplankton blooms along the edges of mod-
ern sea-ice cover (ice edge blooming) are a well-
documented phenomenon (Smith, 1987; Spind-
ler, 1990). In the investigated cores the major
faunal components during the benthic foraminif-
eral accumulation rate peak are associated with
high lateral and vertical fluxes and are indicative
of increased organic matter input (Lutze and
Thiel, 1989; Smart et al., 1994) serving as major
food source, and thus we consider it as acceptable
to relate these findings to glacial-interglacial en-
vironments. The abundance of the epifaunal C.
wuellerstorfi is recognized as indicative for en-
hanced lateral movement and transport of organic
matter on the sea floor (Lutze and Thiel, 1989).
The identified time-transgressive abundance
peak indicates an onset of lateral bottom trans-
port of organic matter related to a massive input
from the photic zone (Gooday and Turley, 1990).
The abundance of species of the infaunal Melonis
group suggests enhanced flux of organic matter
to the sea floor (Kaiho, 1994; Loubere, 1996).
Their maximum abundance in all cores parallel
to the time-transgressive peak confirms high pro-
ductivity and high organic carbon (Steinsund and
Hald, 1994) during that period. Earlier maxima
may be related to organic matter flux possibly in-
duced by meltwater events.
The increasing amplitude of benthic foramin-
iferal accumulation rate of benthic foraminifera
from south to north (Figs. 2 and 3) implies a far
more efficient response of benthic foraminifera
response in the polar region. Quantity (and per-
haps quality) of organic matter flux during the
termination might have increased significantly.
This in turn would be indicative of more rapid
and powerful climate changes and associated
processes in the polar region during a glacial ter-
mination, as recorded elsewhere (Hughen et al.,
1996). Furthermore, there is evidence that events
such as pre–Younger Dryas short-term influxes
of warm Atlantic water to the southern Norwe-
gian-Greenland Sea (Haflidason et al., 1995)
might be recorded in the benthic foraminiferal
fauna as well (site M 23068 at 13 270 yr B.P.).
Enhanced sea-surface productivity associated
with oceanic frontal zones (Yoder et al., 1994)
such as at the polar front and as observed in the
Southern Ocean (Bathmann et al., 1994) is an-
other probable source of an increased organic
matter flux. This might have affected in particu-
lar core M 23414 at the Rockall Plateau (Bard et
al., 1987), which supposedly was not affected by
a glacial sea-ice cover. The amplitudes of the
benthic foraminiferal accumulation rate maxima
in the northern cores, however, indicate an event
beyond seasonal variability as induced by oce-
anic fronts. In either case, our data suggest that an
event in the course of the final retreat of the Nor-
wegian-Greenland Sea glacial sea-ice cover af-
fected the deep-sea benthic realm.
The data presented here enable us for the first
time to locate in detail the retreating ice edge as-
sociated with a productivity event during termi-
nation I in the Norwegian-Greenland Sea, and to
provide a velocity for the last glacial-interglacial
transition. The benthic foraminiferal abundance
peak is identified as being in phase with termina-
tion IB (Nees, 1997), which is reproduced in oxy-
gen stable isotope records at further core sites in
the Fram Strait and the Arctic Ocean (Stein et al.,
1994) and the Norwegian-Greenland Sea (Wein-
elt, 1993; Rasmussen et al., 1996).
ACKNOWLEDGMENTS
We thank P. De Deckker, T. Rathburn and M. Ayress
for useful suggestions that improved the manuscript, and
J. Chappell, N. Shackleton, and U. Struck for valuable
comments. Reviews by Ellen Thomas and Wuchang Wei
are greatly acknowledged. We are grateful for support
and assistance of masters and crews during expeditions
with RV Meteor and RV Polarstern. This is contribution
number 314 of the Sonderforschungsbereich 313, funded
by the Deutsche Forschungsgemeinschaft.
GEOLOGY, July 1997 661
Figure 3. Accumulation rates of epifaunal benthic foraminifera Cibicidoides
wuellerstorfi and species of the infaunal Melonis group. C. wuellerstorfi is a
very common foraminifera and has highest proportion during abundance
peaks in all cores at termination I.The accumulation rate peaks parallel time-
transgressive shift of total fauna accumulation rates. Its occurrence indicates
highly increased input and lateral transport of organic matter in benthic realm
as consequence of reorganization of the deep circulation of Norwegian-Green-
land Sea after last glacial. Species of the Melonis group are reported to be
strongly indicative for input of organic matter to the sea floor (Kaiho, 1994;
Loubere, 1996). Their abundance peaks confirm high content of organic car-
bon in the sediment (Steinsund and Hald, 1994) during that period.
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